Abstract-In order to improve the measurement accuracy of monocular vision positioning system, a fast calibration method based on distance laser sensor(DLS) for robot positioning system is proposed. Based on this method, the attitude correction model of positioning system is established and the attitude correction angle ( , , )     of the adjusting and positioning system is solved. Based on the attitude correction of robot positioning system, the error compensation model of the positioning system is established in the depth direction measurement and the depth measurement accuracy of positioning system is improved. The attitude correction experiment and positioning experiment of robot positioning system has been carried out. Experimental results show that the proposed method of calibration and the method of attitude correction are simple, accurate and reliable. Meet the requirements of the positioning accuracy of the robot system.
I.
Introduction There are two kinds of methods to acquire the spatial position information of the object for the robot to rely on the vision, which are monocular visual positioning and binocular or more visual positioning. Compared with binocular vision, monocular vision measurement has the advantages of low cost, easy installation, non-contact, simple algorithm and less calibration steps, avoiding the blind spot in the binocular vision measurement, short measuring distance, small field of view, stereo matching problem and so on [1] [2] [3] . So it is widely used in robot vision.
In the robot monocular vision positioning system, the single camera pose changes with the motion of the robot [4, 5] . IF there exists attitude error or angle deviation of the camera, the calibration accuracy and positioning accuracy of the robot positioning system will be seriously affected. Therefore, the key to improving the accuracy of the robot vision positioning is to estimate the relative attitude between the target and the camera as well as the correction of the camera pose.
Based on three-dimensional coordinate transformation, a closed solution to the problem about relative position and the attitude between the camera and the target is proposed by Zizhen Zhang [6] . From the perspective of qualitative analysis and quantitative simulation, Yu Cao [7] has researched the installation error of the camera attitude and corrected it. The adaptive correction algorithm of the camera pose is proposed by Yanfeng Li [8] to improve the accuracy of zero position measurement of the infrared aiming device. The attitude sensor is used by Nourani-Vatani Navid [9] to measure the attitude of the camera in real time and the method for image perspective correction is used to improve the visual positioning accuracy. The calibration method of asymmetric circle center projection of the industrial camera is presented by Weidong Zhu [10] to solve the problem of the parallelism error between the calibration plane and the camera mirror. These methods have important reference value for the research of the attitude error correction of robot monocular vision. The attitude error correction method of industrial robot vision positioning system is few and poor universality now, and the error is ignored in some low positioning accuracy cases. In order to improve the measurement accuracy of the positioning system, in this paper, an attitude correction method for robot monocular vision positioning system based on the distance laser sensor is proposed. And on the basis of this, a method for compensating the error of depth direction measurement is proposed. Taking robot demould system as the research object, we verify the feasibility of the attitude correction method for robot positioning system. The field tests show that the robot successfully completed the task of the demoulding by the method of the attitude correction that is proposed in this paper. Finally, the key factors that affect the accuracy of attitude correction are analyzed by numerical calculation. The measurement accuracy of the monocular vision-laser ranging and positioning system can be further improved by improving the measurement accuracy of the system and the optimization algorithm.
II. Attitude correction of robot positioning system

A. Attitude Correction
In robot positioning system, the camera is not vertical with target plane, so there is an angle between the imaging plane and the target plane, and also nonlinear deformation in camera images, which brings error to the visual measurement [11] [12] [13] .In order to make the camera perpendicular to the target plane, based on CCD distance laser sensor, this paper presents a method of attitude correction positioning system. The attitude correction model is established and the attitude correction angle is obtained ( , , )     .
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Qingdao, China, December [3] [4] [5] [6] [7] 2016 The geometric axiom that three points are not collinear create only one planar is applied in robot attitude correction method. The specific work of attitude correction: First, under the control of the program, the robot will send the positioning system to the top of the mold plane, making the end flange plane of the robot perpendicular to the base coordinate system W Z . The robot can move to three positions arbitrarily and the infrared ray of the three position sensors is guaranteed to play in the mold plane. As is shown in Figure1, the world coordinate data of three position points A, B and C are recorded. Secondly, the robot sends the coordinate data of the three position points to the attitude correction and angle calculation program of the PC end. As is shown in Figure2. Simultaneously, the three measured values of the distance sensor are input to the corresponding position of the program and push the calculation button on the program interface to get the angle value ( , , )     of attitude correction. Finally, send ( , , )     to the robot in the form of a string. The input data received and called by the robot corrects the attitude of the robot positioning system, which makes the imaging plane and the target plane have a higher degree of parallelism. 
B. The Solution of Attitude Correction Angle
When the normal vector of the target plane is collinear with normal vector of the camera lens. From the point of view of analytic geometry, the camera lens and the target plane are maintained absolute level. Take the target plane as the datum plane, by solving the vector of the target plane and the vector of the camera lens, we can get the camera pose correction angle ( , , )     . The visual measuring tool that contains camera and CCD distance laser sensor is mounted vertically on the end flange of the robot. When we are solving the pose correction angle of the camera, the vector of the camera mirror can be replaced by the vector of the end flange plane of the robot.
After the calibration of the CCD distance laser sensor is completed, CCD distance laser sensor can get the world coordinates of the reference point A, B and C in the target plane through three positions. According to the coordinate value of these three points, the target plane equation and the normal vector can be obtained. The vector of the robot end flange can be solved by the transformation matrix of the robot pose.
The equation for the target plane is:
When the normal vector of the target plane is ( , , ) abc ,by substitution of coordinates of the three points A, B, C , which are 1 
（4）
The camera pose correction is realized by the modification of the rotation posture of robot end flange. Therefore, we only need to solve the relative rotation attitude of the end flange to its own coordinate system.
The end flange of the robot rotating around its own coordinate system of the attitude matrix is: 
（5）
In the formula, ,,    is respectively on behalf of the rotation angle around the axis X, Y, Z, the operator c is on behalf of the cosine operation, the operator s is on behalf of the sine.
When the camera is in the initial position, the unit normal vector of the end flange of the robot is 0 (0, 0,1) n 
（6）
From formula (6), we can get the unit normal vector of the end flange of the robot after correcting the camera's pose:
Simultaneously ,from equation（4）and equation（7）, we can get:
The attitude correction angle ( , , )     of robot vision positioning system can be get by solving the nonlinear equations. The parameter equation of attitude correction angle of the camera is solved by newton iteration method in this paper.
III. The error compensation for depth direction measurement
There is an error when we let measurement value of the distance laser sensor as the target point coordinates of the Z axis direction. Because the target plane has a certain angle with the plane W W W X O Y of the base coordinate system of the robot.
In this paper, based on attitude correction of positioning system and monocular vision measurement, the measurement error of depth direction is compensated, so as to improve the measurement accuracy of the vision system.
In the process of attitude correction, the distance laser sensor can obtain the world coordinate values of reference point A, B and C after getting through three positions. According to these three points, the angle between the target plane and the plane 
（9）
The center of a circle that is determined by these three points is ( 
（10）
We can eliminate the 
The angle between the projection on the horizontal plane of the line 
（18）
After compensating the fitting ellipse center point 
From the model of depth direction measurement error compensation, we can know that the error compensation accuracy is affected by the precision of the vision measurement and the distance laser sensor. Improving the accuracy of the visual measurement and the laser ranging precision can improve the precision of depth direction measurement error compensation.
IV. correction and positioning experiment
The main hardware equipment used in the experiment is a robot, a single camera and a distance laser sensor. The experiment is divided into two parts: attitude correction experiment and measurement experiment. The positioning experiment is a test of the reliability of the attitude correction method of the measurement system.
A. Attitude correction experiment
In order to test the stability and reliability of the attitude correction method and in a fixed experimental environment, four sets of experiments are carried out on the inclined plane which has a certain inclined angle. The results of the experiment are shown in Table 1 . The calculated values of the attitude correction angle and the measured value of the system, we can know the error in the range of 0.015 degrees. This shows that the attitude correction method has high precision.
B. Positioning experiment
The reliability of the robot localization system calibration and the attitude correction method are tested by the positioning experiment of the control objectives. Control objectives are the circle arrangement of the internal components of pre-tightening bolt and lifting bolt on the mold. As shown in Figure 4 , the experimental results show that the maximum value of the positioning error  of the control target plane is 0.750mm. Meet the accuracy requirements of the 1mm error range of mold release. Depending on the experimental results, the robot has successfully completed the disassembly of the injection mold. The experimental results show that the attitude correction method is reliable.
V. Accuracy analysis of calibration and attitude correction
The attitude correction method of the robot positioning system and the attitude correction angle solving model show that the key factor affecting the attitude correction accuracy of the system is the solving algorithm. In this paper, the numerical analysis method is used to study the influence degree of solving algorithm to the attitude correction results. Take the first set of experimental data of calibration experiment as an example. The four optimization algorithms are used to solve the attitude correction angle ( , , )     , to research the effect of optimization algorithm to the attitude correction. The results are shown in Table 2 .The numerical analysis results show that the optimization algorithm has significant influence on the attitude correction. Through the improved optimization algorithm, camera attitude correction results can be further optimized and the measurement accuracy of the robot positioning system can be further improved.
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VI. conclusion
In order to improve the measurement accuracy of monocular vision of positioning system of the robot, in this paper, a method of attitude correction based on distance laser sensor is proposed. Attitude correction model is established to solve the attitude correction angle ( , , )     . The measured attitude of robot positioning system is modified. The measurement error of depth direction is compensated based on the attitude correction of positioning system. In the attitude calibration experiment, the measurement error of attitude correction angle of the positioning system is in the range of 0.015 degrees. The experimental results show that the attitude correction method has high accuracy. The maximum value  of the positioning error is 0.750mm. Meet the accuracy requirements of the 1mm error of the mold release. It shows that the attitude correction method is feasible. 
